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ScienceDirectStrategies are urgently required to ensure long term
maintenance of current levels of global insect diversity. Yet
insect diversity is huge and immensely complex, with many
species and individuals making up an important part of
compositional and functional biodiversity worldwide. As only a
fifth of all insects have been scientifically described, we have the
task of conserving largely what is unknown. Inevitably, this
means that there are various challenges and shortfalls to address
when we aim to future-proof insect diversity. But there are also
opportunities, especially when insects are seen as a major part of
the fabric of life in most terrestrial and freshwater systems across
the globe, and bearing in mind that they are of great value for
human wellbeing. In view of the complexity of the task, strategies
have to be based on easily conceptualized principles, and on
effective operational tools, especially at the spatial level of the
landscape. These principles and tools are developed here as a
coherent framework for conserving as many insect populations
and species as possible well into the Anthropocene.
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Introduction
Conservation aims to ensure a long-term future for organ-
isms in a rapidly changing world. It is also about provision of
conditions that are resilient enough that the subjects not
only survive, but thrive. Insects as conservation subjects
have particular levels of tolerance to change, or they move
to optimal conditions for their requirements (and that of
their offspring) [1]. Where their tolerances are insufficient
or they are thwarted from reaching optimal conditions for
survival and reproduction, their populations will decline in
number, extent and size until the last individual of the one
remaining population has died, and the species goes ex-
tinct. Extinction of other species may also follow [2].
To procure a future for insect populations, there must be
an understanding of temporal and spatial scales whenwww.sciencedirect.com setting the precise conservation goals. This understand-
ing involves appreciation of both the deep and the recent
past, and the climatic bottlenecks that insects have en-
dured and how they have done so [3]. This gives us
perspective on the filters that insect populations and
species have passed through in the past, and how they
responded to it, demographically and genetically. For
example, in response to Pleistocene glaciations of Eur-
ope, many insect species moved and connected, discon-
nected and re-connected with various plant communities
[4]. We must also be aware of novel, anthropogenic
stressors that arise, such as the impact of agricultural
fertilisers which have caused decline and some extinction
of British bees and flower-visiting wasps starting from the
late 19th century [5].
There must also be an appreciation of the organisms
themselves, their needs and tolerances, as well as their
interactions with other organisms. As insects are small, yet
have a great range of mobilities and other traits, both
among species and between developmental stages, spatial
scale becomes a critical consideration for their future
sustainability [6]. While a large tract of land may be
important to accommodate adult flight, there may be
certain abiotic and biotic resources, such as a food plant
or oviposition site at the scale of a few metres that are
critical for their survival [7].
We will now consider issues of awareness and various
operational ways forward for developing a synthetic
framework for future-proofing insect diversity. This
framework is summarized at the end of the text
(Figure 2). Phrases in bold font throughout the text
represent the highlights in that figure.
Issues for awareness
There are some distinct challenges, dilemmas and short-
falls that we need to be aware of when future-proofing
insect diversity. Insects, as well as many other inverte-
brates, are often not appreciated by many people, while
frequently they are considered a nuisance, fearful and even
dangerous [8]. This lack of appreciation of insects in
general is the perception challenge and is being addressed
by engaging citizen scientists [9] and by including insects
in education programmes [10]. This perspective goes hand
in hand with the public’s lack of awareness of ecosystem
services that insects supply, known as the public dilemma
[11]. However, the meaning and value of ecosystem ser-
vices requires much more reasoned debate [12], and a
greater appreciation of the flow of ecosystem services to
people in a changed land mosaic [13]. For example, eco-
system services can be delivered using certain alternativeCurrent Opinion in Insect Science 2015, 12:71–78
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a worldwide concern [15]. Yet conservation of pollinating
bees requires more than arguments based solely on eco-
system-based service provision, as it is the common wild
pollinators that provide the service and not the whole
pollinator assemblage with its rare species [16].
In the past, many conservation organizations gave little
attention specifically to insect conservation (known as the
political dilemma). This political dilemma has now chan-
ged for the positive, with insects being mainstreamed into
many conservation projects globally.
Insects and other invertebrates still receive proportionally
less attention than vertebrates or plants [17]. Part of the
problem is that many insect species are undescribed (the
Linnean shortfall, or taxonomic challenge). There are
many species, with over 1 million already described
and probably about five times that number still to be
described [18]. This is not reason for despair so much as
an opportunity for crafting strategies that have a black box
element: we have to contingency plan and conserve
largely what we do not know. Furthermore, the rate of
scientific description of new species is still lagging behind
extinction rates, with the added complication, through
extrapolation of loss of habitat, especially tropical forest,
that the extinction of many insect species is taking place
and not being recorded [19]. On the positive side, the
Linnean shortfall is to some extent soluble, that is, we can
take on the taxonomic challenge. With relatively small
funding and using novel taxonomic approaches such as
encouraging citizen scientists and using more rapid spe-
cies description methods, many more insect species can
be described and awareness of their value to humans
increased [20]. Importantly for insect diversity conserva-
tion, we require scientific identities of species to assess
changes in qualitative diversity at the landscape level. For
example, Amazonian forest fragmentation did not de-
crease butterfly species richness (through edge effects)
but did change species composition [21].
There are also some other challenges for insect conserva-
tion [11]. One of these is that the distribution of described
species is mostly unknown: the Wallacean shortfall. Also,
the lack of information on the abundance of many insect
species and how abundance changes over space and time,
a necessary precondition for conservation, is another
challenge: the Prestonian shortfall. Also essential for
conservation, is an understanding of the biologies of
insect species and their life styles, especially relative to
habitat change, with dearth of this information being the
Hutchinsonian shortfall.
All these challenges together make up a complex fabric, as
different threats have different implications for different
species in different places at different times. A threat to one
may even be an opportunity for another, with one speciesCurrent Opinion in Insect Science 2015, 12:71–78 for example not being able to survive in a patch of agricul-
ture while another can. Furthermore, threats and stressors
are often synergistic, with one compounding another.
Habitat loss (a local scale threat) is adversely synergistic
with the widespread threat of global climate change caus-
ing resource bottlenecks and exacerbating species vulner-
ability [22]. This is especially so for specialist species [23].
The important point is to recognize these challenges,
dilemmas and shortfalls, not be deterred by them, and
seek a way forward that either addresses one or more of
them or, alternatively, gets around them. While doing this,
we aim for maintaining resilient landscapes in the face
of anthropogenic stressors, especially by maintaining
community diversity and its dynamic nature across the
landscape [24].
Actions for future-proofing insect diversity
Ensuring insect survival into the future involves some
careful planning and the setting of a clear goal. When
setting the goal, it is essential to consider 10 aspects and
perspectives which determine the feasibility of achieving
the goal: (1) Include all stakeholders (including local
communities) from project inception through to final
solution. While the task may be the doing of insect
conservation, a more accepting approach to a wider range
of stakeholders, as well as public at large, might be to
conserve local biodiversity in general, with all the natural
interactions being conserved intact. Insect conservation
then simply slots into the general aim without necessarily
having to address the challenges, dilemmas and shortfalls
characterizing insect conservation per se. (2) Clearly
visualize the end result emanating from all stakeholders.
The all-embracing goal may, for example, be one or more
of the following: conserving a particular landscape for
biodiversity including that of insects, conserving a partic-
ular species or a particular pollinator network, or devel-
oping a new management plan for maintaining current
levels of biodiversity. (3) Establish the ethical and philo-
sophical foundation of the stated goal, which means
mainstreaming insects as having an important role for
maintaining ecosystems intact while also playing an im-
portant role in production of food and fibre, whether
through helping produce healthy soil, pollinating wild
plants which regulate ecosystems with reasonable
bounds, or providing biological control of crop pests.
While this may be considered a purely utilitarian ap-
proach, it nevertheless is the hard talk of successful
conservation [25], as it has currency for drawing attention
to the value of insects, if not their plight. (4) Assess the
complexity of the task for achieving the goal. Conserva-
tion of a single species in a designated reserve is a more
straightforward task than, say, conserving a tract of tropi-
cal forest where there are multiple pressures, huge insect
conservation challenges, dilemmas and shortfalls, and the
livelihoods of local people, have to be considered. (5)
Determine resources required relative to availability, both
human and financial, and whether these are sufficientwww.sciencedirect.com
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time line of the task, especially to complete it, even where
new and critical unforeseen issues arise. (7) Determine
the area of influence of the conservation action goal, that
is, spatial scale. For most conservation activities this is at
the landscape scale, that is, improving the landscape
mosaic for bio(insect)diversity. (8) Be ready for unfore-
seen events, which may be logistic, financial, climatic, or
biotic (e.g. new threat from an invasive alien species). (9)
Determine the maintenance and management of the
conservation site once the goal has been achieved (with
monitoring to ascertain the level of success in attaining
the goal). (10) Address emergent events. Having achieved
the conservation goal what has come out of it? Are there
further issues that need attention?
Five perspectives when future-proofing insect
conservation
Future-proofing insect diversity as an integrated compo-
nent of biodiversity means implementing a precautionary
approach [26]. As we do not know largely what we are
conserving or the subjects’ differential vulnerabilities to a
host of changing threats, we must make a judgement
based on sound conservation principles and good sense.
This does not leave much room for focusing on particular
species, yet the needs of individual species, especially
threatened ones, cannot be overlooked [27]. It also means
being aware that we will not be able to conserve all
species, and we have to engage triage where we act on
the most urgent needs that give the best returns from that
immediate attention. Then we may well have some
conservation ideals which are all well and good in theory
but may not be achievable in practice. Although humans
share the landscape with insects, human aspirations may
not always align with actions designed to ensure the
future of a wide range of insect species. With all these
unknowns, uncertainties and restraints, we require a
conservation toolbox that is both practical and feasible.
This insect conservation toolbox must have conceptual
handles which we can use meaningfully for drafting and
implementing strategies. It also sits on the fact that
conservation action varies with spatial scale of operation,
from a local park, through provincial to national and even
to global (e.g. the Aichi Biodiversity Targets [28]). One
set of tools is the use of five perspectives: (1) the coarse
filter or landscape scale, including large-scale changes in
elevation, that is, the large-scale toposcape, (2) the meso-
filter or conservation of features on the landscape, includ-
ing meso-scale and micro-scale variation in topography,
that is, small-scale toposcape, including topographical
features, (3) the fine filter or specific species conservation,
(4) the biocultural filter or undertaking conservation
actions made in the service of sustaining the biophysical
and sociocultural components of dynamic, interacting,
and interdependent social–ecological systems [29], and
(5) anthropogenic global climate change: the inevitablewww.sciencedirect.com but unpredictable overlay across all ecosystems, and
which has already had a strong affect upon insects over
other taxa [30]. Yet there can be some buffering of the
effects of climate warming among insect taxa. For exam-
ple, the decline of the honeybee through climate change
can be compensated for by certain native pollinators [31].
The coarse filter refers to the conservation of landscapes
composed of resilient ecosystems to buffer future changes,
both natural and anthropogenic. In this era of the Anthro-
pocene where most landscapes consist of a mosaic of
remnant patches of natural land interspersed with trans-
formed areas, the aim is to maintain, both through design
and management, the historic suite of species and their
interactions, while recognizing the spatial heterogeneity
and spatial dynamics of ecosystems [32]. There are inter-
ference effects between the elements of the mosaic which
involves aspects such as contrast and context between the
different landscape elements. Contrast is about how much
difference there is between two adjacent elements, and
context qualifies this by saying what they are. A forest patch
contrasts with an arable field next to it, while the field may
have turnips or it may have clover, both contexturally
different. An important qualifier here is that while we so
often plan conservation two-dimensionally using maps, in
reality, the third, vertical dimension is crucial. So conser-
vation across the toposcape at both the meso-scape and
landscape scales is paramount, especially in view of global
climate change [33].
There are two aspects of the coarse filter which although
conceptually different, are not entirely mutually exclusive.
Land sparing is set aside land, as for example leaving
remnant patches of natural habitat in an agricultural mosaic,
which can have important value for insects [34], or restoring
remnants of natural vegetation for insect pollinator specia-
lists [35]. Another land sparing approach is the establish-
ment of large-scale ecological networks of corridors and
nodes of natural, historic vegetation for maintenance of
biodiversity, and where insect diversity is equivalent to that
in neighbouring protected areas [36] (Figure 1). This is a
practical approach to improve spatial and temporal compo-
nents of functional diversity in fragmented landscapes [37].
The other viewpoint is land sharing, which is combining
production and biodiversity conservation in the same
patch or landscape element, such as applying organic
farming techniques in a vineyard [38]. Combining these
two approaches of land sparing and land sharing can be
particularly effective for insect conservation, and can
make the overall landscape suitable for maintaining in-
sect interactions [39].
The mesofilter refers to features of the landscape, such as
rocky outcrops, fallen trees, logs, or a boggy patch, all of
which can be critical for survival of the various compo-
nents of the local insect fauna. Not only can the mesofilterCurrent Opinion in Insect Science 2015, 12:71–78
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Figure 1
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One landscape approach to future-proofing insect diversity. Shown here is part of a large-scale ecological network (EN) where a habitat corridor
separates exotic timber compartments. Such ENs have been found to have major conservation value for insects, and matching that of
neighbouring protected areas, even in this global biodiversity hotspot (see Ref. [36]). This is a land sparing approach, that is, the setting aside of
land. While engaging the coarse filter (conservation of the landscape), it incorporates the mesofilter (such as the rocky knoll in the front of the
picture) and the toposcape (the topographical landscape). It also considers ecosystem processes, with a river and its hydrological services being
conserved. Certain species, especially butterflies and dragonflies, are also given specific attention, so incorporating the fine filter in planning and
management. These ENs cover many thousands of hectares and cover an elevation gradient of about 1000 m, and so act as a contingency buffer
against global climate change.be important for different species but also for different
life stages [40]. A butterfly requires a nectar source and
oviposition site, and the larva must have its food plant or
ant mutualist. In turn, the pupa must have the right
conditions, and the adults may require master trees or
hilltops to meet a mate. While we think of requirements
to include, for example, presence of the host plant, there
are also less obvious requirements such as enemy-free
space [41].
In the case of the fine filter, the focus is on a focal species
or suite of focal sympatric species. To achieve this end, it
is essential to draw up a species conservation plan [42].
Importantly, the fine filter is not in any way exclusive of
the coarse filter or the mesofilter, or vice versa. When
landscapes are being targeted as areas of conservation
attention, various features of that landscape should also
be included, such as rockiness for African grasshoppers
[43]. A strategic focus for the fine filter is to be fully
cognisant of all the requirements of any particular species,
especially those that are Red Listed as threatened. But
there may also be other species of special focus, and these
might include species that modify the landscape and areCurrent Opinion in Insect Science 2015, 12:71–78 functionally important, and are ecosystem engineers,
such as certain mound building termites, or it may be
important natural pollinators of the local flora. Finally,
recognition of the mesofilter can be tantamount to recog-
nizing heterogeneity of the landscape, including topog-
raphy. And understanding heterogeneity, and its
dynamics, means to plan for long term continuity of
the all the biotic interactions taking place on, and shifting
across, the landscape [44].
Conservation does not operate in isolation from human
activities and aspirations. The biocultural filter can
achieve effective and just conservation outcomes while
addressing the current erosion of both cultural and bio-
logical diversity [45]. This recognizes that conservation
can have multiple objectives and stakeholders, and that
intergenerational planning and institutions are important
for long term adaptive governance. Furthermore, as cul-
ture is dynamic, this dynamism shapes resource use and
conservation, and therefore interventions must be tai-
lored to the biocultural context. Also, novel, diverse, and
nested institutional frameworks need to be instigated,
and there needs to be partnership and relation buildingwww.sciencedirect.com
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responsibilities of all parties must be incorporated, and
different worldviews and knowledge systems must be
respected and included into conservation planning.
The fifth perspective relates to climate change which is a
globally significant stressor which not only is synergistic
with other, more local stressors and threats, but affects the
outcome of what we have decided with our conservation
goal. In the simplest case, a reserve designed for main-
taining current insect diversity on a flat landscape, may be
meaningless in the future as the reserve would have to be
closer to the nearest global pole to maintain the same
temperature. This concern was expressed using the ex-
ample of small moths across the flat landscape of the
Netherlands [46]. In response, we must at least build
some contingency planning into our goal, based on the
best evidence available so far from climatologists and
conservation biologists in general.
A synthetic landscape approach
It is at the landscape scale that most insect conservation
activity takes place, with a synthetic landscape approach
being a way forward [47]. There are five design principles
and one management principle, all of which should be
conceptualized and even visualized for future-proofing
insect diversity: (1) maintain protected areas, (2) maintain
high quality habitat heterogeneity, which is temporal as
well as spatial, (3) reduce contrast between landscape
elements, by softening ecotones, (4) soften the trans-
formed areas, through land sharing and restoration, (5)
connect high quality habitat, and remnant patches using
functional conservation corridors, and (6) simulate mod-
erate natural disturbances. These all rest on a central
‘metapopulation tenet’ of maintaining habitat patches of
good quality, of large size and close together [48]. They
also embrace the perspectives mentioned above, such as
overlaying the fine filter for certain focal species, recog-
nizing the mesofilter (which interacts with spatial hetero-
geneity), considering people and the focal landscape (the
biocultural perspective), while recognizing that although
we may be controlling a local threat (such an alien species
of ant or plant), there is still the pervading ongoing threat
of climate change and uncertainty — climate chaos [49].
Measurement of insect diversity conservation
success (or not)
No conservation activity can take place without taking
stock of the situation before and after. In other words, it is
essential to monitor as we go along and refine, and even
redefine our objectives if all is not going according to plan:
a validation process. Choosing indicators of success or not
is important, and this must be done strategically, to
emphasize what we are doing right and what wrong.
Insects are particularly good for this in view of their
abundance, variety, point sensitivity and often ease of
sampling.www.sciencedirect.com Choosing a bioindicator is intimately related to spatial
scales, which may in part be viewed in terms of interac-
tions. There are four spatial scales that are useful for
determining the state of biodiversity, including that of
insects: the local scale (a scale dominated by species
interactions), the meta-community scale (to include spa-
tial heterogeneity of the landscape and within which
dispersal is the dominant process), the biogeographical
scale (within which speciation and global extinction are
dominant processes), and the global scale (where the
whole planet is considered) [50]. Conceptually, and for
ease of reference in practical planning, the meta-commu-
nity scale may be viewed as the landscape scale of
conservation action as it embraces the landscape mosaic
which is meaningful to a wide sector of society.
It has been argued that our understanding of current
biodiversity trends and our ability to protect the natural
world, including insect diversity, is impeded by failure to
consider different types of biodiversity measured at
these different spatial scales. It has been suggested that
conservationists should recognize and assess 15 distinct
categories of biodiversity [50]. This has an important
bearing on future-proofing insect diversity. Based on
recognition of four spatial scales (local, meta-community
(landscape), biogeographical and global) and four classes
of biodiversity metrics (a diversity, spatial b diversity,
temporal b diversity, and abundance), opportunities arise
where we can obtain a more explicit handle on insect
diversity change. This improves credibility of insect
conservation science for policy makers, and it leads to
engagement by a wider audience, all of whom need the
services of insects.
With the increasing levels of loss of insect diversity
worldwide and the urgent need to maintain current levels
of this diversity, approaches are needed to fast track
implementation of conservation measures. Traditionally,
goals have been set following systematic conservation
planning. While this approach is scientifically sound,
there often is a loss of valuable time, as time is devoted
to gathering of substantial foundation data so as to define
the problem, and then many of these data may be
redundant [51]. A new perspective has emerged that
holds great promise for insect conservation into the fu-
ture. It is known as retrospective analysis or ‘thinking
backwards’ [51]. It is a solution based approach where
the solution rather than the problem is defined and
visualized for final application. Only essential and strate-
gic data are gathered, while also drawing on insight from
fundamental conservation biology, so as to provide direc-
tion to achieve the solution. Further data are then gath-
ered to test whether the solution was indeed the correct
one.
With retrospective analysis, the conservation of land-
scapes and their insect diversity means addressing man-Current Opinion in Insect Science 2015, 12:71–78
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A synthetic framework for future-proofing insect diversity. Firstly, it is important to be aware of the various challenges, dilemmas and shortfalls
to knowledge-based insect conservation (top left). It is also crucial to recognize the stressors and threats, and the synergisms between them
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Conserving insect diversity Samways 77agement solutions (how to manage the landscape towards
the desired goal) as well as landscape design solutions (re-
arranging the landscape mosaic). The solution is tested
through a process of validation (such as inventorying and
monitoring important focal taxa) which involves more
strategic sampling, and the application of an improved
solution. This is an iterative process of defining the
solution, gathering of strategic data, assessing the success
or not of the solution, gathering of more, highly pertinent
data, improving the solution, among others. The results
(i.e. the solution) can then also be used elsewhere where
urgent solutions are also required. Insects are particularly
useful subjects for retrospective analysis as they are easy
to sample, sensitive and responsive to changes on and
across the landscape, and as such can provide an imme-
diate and valuable data set.
Guidelines for future-proofing insect
conservation
Given the above discussion, we are now in a position to
sketch a definite way forwards using specific set of guide-
lines for ensuring an insect-diverse future planet
(Figure 2).
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